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LDPC ^-i^ ^ n wj-^oii ^ 7 Asls., n. « 0 >^^r *fl^-g- ^f-*H 
c7fl5] s= wjE^. ol^o]^l i=rtr LDPC ^.jrj^- Hj-^ofl flo^, (a) 

#7] 3H ^J=<4 04 1^ ^^S. ^l^M^l p>t=L7l^ 2flE)B| ^A} ^i^- <g 

atc.s. tfl^H *U Q*S1# ^*Kr ^1; (b) ^71 ^1 Q*S1^ zj-^ sjofl 

^ #7] 2\±&S>\ ^^11- o]-g-*H, o°l o>Vl 4 ^>7l^l ^^-^-g: aflsm M- 

^1 0<>1 6>\1 ^4i<el R*ll^r ^*Hr #7fl; ^ ( c ) ^7] 

* zj-^X|^ LDPC 4^51- ^¥-§- IMM^ i4f 

7H4tK 

£ 5 
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LDPC ^-SSr ^ ^ «o v ^{LDPC decoding apparatus and method } 
£1^^ OT<H1 LDPC 4^ °^ ^^*>7l 

£ 5tt £ l°fl LDPC ^-^l^l^i ^15} ^ LDPC ^3L5\- 

IE 6^ £ 5°fl 5.^ ^1340 ^M) i-MMfe 

£ 7-g- £ 4<H1 £^ l^ofl 4€- LDPC ^-Jis)- LDPC 

<8> eflel ^ ^S.& 5? ^ H o v ^°fl ^tr Low Density 

Parity Code ^ZLS^o] zl ^5L# #41^ 4^2r ^¥^r 

41^- ^1 £ 3H4. 

38-4 
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< 9 > jcl^ai^o) gc fe % 7]^$ £-°> ^ ^Jls)- 71^2] *V 

7M^i Low Density Parity CodeOlSh LDPC5}- *r4) -^JL^- ^icf. L DPC -^JL 

nt± 1* 7 r *lfe ^^o] z}- ^(row)4 ^ <l(columnH] ^ 7fl^ £#£U H 

21 ^£«-8r 0* 7H^ 3^ ZjA> S^l^ °] sfl^tq ^iL(^-7> ^i) 

1- ^*Hr 4^8 iW4. 4*1 ^r<3, 4^ ^^-g; i&^*K£* jfle]E] ^iL» 

<io> x] h • C = 0 

<H> Htt p>t3L7l^ ZjA} ^lojzL 0^ ^*Smolcf. C^r C7fl4 ti]E S o^o^ aS . 

*Hr <1 3)1 (column matrix)^, 2£ ^JE.^ m^S^ uflAl*] ^EL lq 

, k 2 , k m 4 p«lH4 5fls]&| 3iL xi.x 2 ....,XpS °l-f-<H3!4. sfle|Bl ^a> H 4 

C4 ^ Jf^S* rfl^o] pflAl^l ^JEL^r ^JL #7l 1 

ofl 4*)] 35fl^El Xi (i=l,2...p)* ^ ^ &4. 

<12> LDPC JfJlSH tfltt il4 "Good error correction codes based on 

very sparse matrices"(D.J.MacKay, IEEE Trans, on Information Theory, vol. 45, 
no. 2, pp. 399-431, 1999 H 7l#4°1 &4. 

<13> LDPC ^SM^H *ti^# ^*ti #^sl<H ^i* 3H. 4Jl2}-*Hr 

3)1 <gA]-oi a^£4. <£a> 43 ^°fl^ 3S14 4 <SH €^11*Kr 4-44 ^a-fr 44 

4 *H4tr 4*14 tf|*l|*Hf 4^0] 014. ole^V ^ 

^4 ^-^-51 (complexity)!- f^M?]^ ^7} $14. 
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<14> ^2fl ( ^-^£1- -fr^l^fe *m ^ ^3-§" ^r^^H ^ 

LDPC ^i^s}^ ^^#^1 4tb 7l#ol ^o>^ w> ^4. <>H lxj-sTg, ^ 

<y ^o.s. ^^*H ^41- ^ &4:n. 3:4. °H ^ 

*t *i4 4Mltt T-fl-g-xr "Reduced complexity iterative decoding of low density parity 
check codes based on belief propagation"(M. Fossorier, M. Mihaljevic, and H. Imai , 
IEEE Trans, on Communications, vol. 47, no. 5, pp. 673-680, 1999 H 7l#£H &4- 

<15> ZL&m ^ ^-*Hr rfl^j^ f^Sfl 71^31 3-!M|Ai3E. A ^^Kf 4 

*r$\ >SM a^&-§- ^^Hr 3)13 ^ 7fl^l *fl^Hr Sl^r 

^ ^«fl d > *K°3- V\&7}X)5L 4^"H7> fe^r &^17> &4. 

<16> 44^, t^o] ol s.^L7> <5Kr 7)^ 4^Tr LDPC-^^ 0 ! -f-Sfl ^ 

£ 3£ $|J=* 2flejBl 7jA> ol-g-^H ^rJ> 4*Kr 3-f°fl <S#4^3 

#^4?1 ^-^^ ^-§- f^M^ LDPC 42^ ^ w cH^ ^^Kr^l &4. 

<17> # 7 ] 4^1- o]^- 7 ] <^*}), ^ofl o}^ LDPC ^5L$[ ^*}^, 

<18> ^fl^ J§--5}&\ C7fl2] S£L tilMS ^l^-^^l 3.= flH.* LDPC ^SLSj-^ ^ V *H1 

5^4, £|^4 4^3 04 15] ^^0.5. O]^^] p >t3.7}$] ^A> ^ 
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7 floj 4 *§-Qr «]il*H, ^ 3H*1 #£r#°l 1*1 #^ #7l 2£ tfl-§-*Rr 
*l<q i&2= Hi ho] ^o.s. cflXl*H X|l 0*3^ ^#*Hr XU Q*S1 #7l HQ 

^^^.a^-B| ^-71 XU 0*31^ #7l XU Q*M^ AAQ *M tfl^H. 

74 ^5] o°l ^ ^-§-1- f 1 XU ^ «i^fls. *J-£ xl2 % #7l 

XU °l-§-*H, A ool ^ xi^m 

H*l <H a>vi $£.3. tflXisH R g ll^ ^*Rr R^l 49^; # 

7l 3.E. = 4 #7l R*31 ^^^"S.^ #71 R^l-i: #?1 R^l^l 4^ 

oj^i cfl^H zj- ojoflAi #-£-&°l (H 4\d #£-fr ^ Xl^tb ^^l 0°1 o>\1 

#£&#4 #71 R*mq A ^ HI 3*ltb #71 iEH $\~°] 3.— HlS^-ir 

c^H XI 2 Q^l^: ^#*>i, #7l XI 2 Q*31* #7l R^«S_ ^#^5. #^Rr XI 2 "Q<8 
1 ^S#^-; £ #71 R*3! ^#^-5.^ #7l R^l# SJ^^V, #71 R«^l zl- ^ 

€ 2E flE.* #^Kr #^ ^l#^-;« #71 R^l -M^Hr #7l XI 2 

1 ^#^-¥-^1 #71 XI 2 Q*S1^: SJ^^V *W R^JI-i- #7l XI 2 Q*S1 

#^ ^71 #3 Xl#4^. #^Rr 3# ^ wV^-^^cf. 

<i9> ^-71 4X11- ^1^71 ^«fl, ^ofl Sl^V t}-E- LDPC ^-JL^- #*1tt, 
<20> ^fl^^- J§-S>^ c7 flo] s c ol^^l 3£ flE.S LDPC ^-JlS}-^ #*H1 

$a<X^, a o v 7 i ^csq. 4^0) 0 4 X o] ^«.o. s <>l-f-<H*l p >t£L7l£l 2fl el El 3 A > 

<81-§: SJ^^V, #71 #7l 3flBlEl C 7fl5l ^^iLS. ^s.^^ 

p7flo] zl- tg^- Hl^H, Z]" #^-^°l 1°J ^^"ir #71 ^=sl #-§-^m ^ 

^l^i j2j= «imsi ^o.^ tfl^i^>oi ^iu Q^^-fr XU Q*S1 ^8^^; #7l XU Q 
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*lli 3*1« °l-8-*H, A (H °>\i ^-g- ^>7l^ ^#vg- ^5-l*V i4 

*M ool o>\l ^€-3*^ #0.3. tfi*ll*H R^l^r ^*Kr R*S1 ; # 

71 R*S1 #7} R^H^I: ^n^o}, #7} R^IS] zf ^^l^ 

7l sflelB) ^Af ^-g- O) -g-§H Aj-71 41€ 3^2} ^-JLSI ^ <^«- ##*H 

^•71 4s€ ^ 3^-3 ^*Hr #3 m^^-; ^ 4s. ^^ei-ji ##tt A o v 7l 

#^ l^^Ei^l ^H^l^l 4^, ^"71 5IJ= ^"71 R^l ^T^f^ ^-71 

R^l^- ^^^°>, R*S1^1 zi-40] <gofl tfl^ 4 ojofl*| ^^-^01 ool o}ia 

# H ^£3b§: ^l^l* M-^^l 0^1 o>id ^^-^1:4 ^-71 R«3 14 ^oj^i- ojofl 

-i- #7i r^i ^jjfs. #^Rr ^112 q*31 SW, R« 

^-71 ^12 Q*S1 49^3.^ 4>7l A]2 Q*3t# R^t^r ^"71 

*H2 Q«81 ^71 A^S. #^>ZL, ^7l #3 Tll^^Hr ^-71 R*3t 
% o\^7s\o\ Afl^^ SJEL ^l£f #7l #^ 4^3. #^*Rr 
^ ^Jol ti >^e>rl-. 
<21> 01^-71 3 §11, t^^l LDPC 4^51- ^^r, 

<22> 51]^^- -f-^><^ C 7fl£l S= «1SS. ol^-^^l LDPC 4^51-^ «o V ^°fl 

^^A-l, (a) ^>7l S= ^ = 21- ^^1 04 1^1 ^£0.5. ol^oj^l p >t37l2l 3flslEl ^ 
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SJ^^V, #?1 SJEL ^^.^ #7} C7fl^ ^£-SS o)^o] 

fl^lSl 3£ a] MS] tfl^l*H *)U Q^l* ^*Hr ^7^1; (b) #7] afll Q^l 

^-B- 2fl2 ^ #7l *)U 2^&3 31*11- °l-8-*H, 0^1 o}^ Zjf X}7}$] $ 

4^ *-H*l <H o>\i #£#l-# 2)^°J &J1S R^l^- >$#*Hr 

#7ll; ^ (c) #7l RsSt^l n «gsi *>M-5l SLH HlS» ^^"SS 

*| c7fl^l S2= HISS ol^ol^l 3H #^Hr ^711 ;# Sf-*>^ ^ 

3 is *>fe «>^*>tf. 

<23> 4^1» olifL 7 l ^ til 41" LDPC ^3L& ^^r, 

<24> ^}o^ C 7flSl ^JE. HlSS °1 3£ $J = » LDPC «<HH1 

(a) #7l 3H flS.^ cf^Sl 04 1^1 ^^rSS °l^f-<H*} v*EL7}9\ 3fl&|El Zj 

S3^^ 6 >, #71 3.^- ^4 #?1 ^)a|El ZjA} ^£4) c7fl ol ol^ol 

# p7fl^l A %^ «1H*H, 4 1°J #71 3£ tf-g-SKr 

31*1^ 3 = His^l &ss tfl^l*H *fll Q^l-i- ^*Kr ^741; (b) #71 *fli qsJI 
si zj-z^ ^ofl tfl*M, z| ejoi O oi o}^ - a^^o] ^ «i*fls 

^ ^2 g #71 afll 31*11- ol-g.*H, O ol o}^ zl- ^« o. ^ 7] oi ^ 

M-H^l Ool o>vl ^ w^s.^ ^^o] &SS iM*H R«^8: ^*Rr 
^711; (c) #71 R«8lsl zl- ojsl ^ 2£ ulS# ^^f-o.S^ c 

7H51 3H HISS ol^-ol^] ^-Jrs} ^A>§|-^ ^Tfl ; ^ (d) #7l 3flslEl Zj 

A} oj-g-^H #71 42€ S^L fl= Si 415] o}JjL§ A^ 
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#71 S = ^H* #^Rr 5L^Kr ^'15- «V 

<26> £ 1 ifl^l H 3e# %2i*}<*\ -g- ^-^ofl LDPC ^Jls}- <^ ^Hl" ^ 

<27> £ 1« LD p C Jijr^. ^^^}7l ^tt tf£°14. £ 1* ^"2:^, LDPC 

#*l*r $g x-U VJ f (110), *fil 0*3*1 ^^(120), R*3! 

(130), >fl2 Q^l ^^^-(140) ^ #3 31^(150)* X^-W. 
<28> sfl^El ^a> a)3Hf(110)fe- LDPC Jf Jl£M°11 *fl^ ^a} sg^ HS ^ 

*fll Q^l ^^^-(120)^1 

<29> ^^(120)^ ^h'^sm e)n ^M*> SJt-ir 

7>*lfe C 7fl^ irLEl tijES ol^-oj^l s;E> = ejl ^ ^(nO^^- 
53-8: ^ "0" 5E^ "V'o] oj-q^- ^-^-cfl ^1 ^fl sfi^-sH "0.238", "1,376" ^2] 
^S.n. 3M- 7}*]^ li^r Tg&t\-. »0" 5Ett 'T'-i- S 0 !^ ^ ^ , "0.238", " 
1,376" ^ of^Sa iS£ ^ol^ 
<30> r*J^ ^^-r-(130)^ *fll Q^l <»8 >$Jf( 120)3.-*f *fll Q^l 
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Q* O ,m^o} 41 *M tfl*H, A H^ 0°1 # 2^&<?1 

o) O o] 7\ ^71^1 ^SM: M-^^l 0°1 o>\d ^^r^l- ^ ^<?1 & 

cfl^l*V ^, 3)1 
<31> f^afl 7l^oflA^ R# ^*Rr 4 ^1^^ 0°1 o>^ ^ 

iM*Kr tiV4*fl 0 > ^rf. zLeiM- ^ofl 4=-^ ^ H^ 0°| ^ W ^ 

*1U ¥ ^12 ^ *fll ^ 4^ 

<32> R sj^ ^^^-(130)^ Q« Q» °J^^> « R^: ^, 42 Q^t 

^(140)51^ 42 Q<M<?1 *31 Q'l- ^^-8: *U Q*J1 CHI tfl^ R^l* 

<33> *)]2 Q^l ^^^-(140)^ = ^ R*S1 ^^-(130)3. 

URt °g^^> ^12 Q11°J HI Q't 
<34> 7jl^(150)^ R^l ^^^-(130)5.^ oj^jg ^ R o| z^- A^^o. 
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<35> £2r£ H R^l ^^-¥-(130)^ #4 A d^^\y) W 

«£o]4. £ 2» R*S1 ^^(130)^ « ^ 3^(131) ^ 

^^^-(133)» i^t)-. 
<36> ^ zjA>Jf(l31)fe *Hl Q^^<y Q SE^r *fl2 Q^l^l ^1 Q'# ^ ^^ 0 > ^ 

s^l^l z]- ^ ^a>^H, ^ *3M 0°1 o}M ^1: ^ 3 

^^-(133)5. ^ A 0^1 o}^ f^l zi €cfl 

<37> A 3£ ^^^-(133)^ 4 0°1 o}^ A ^€-£r AA$\ ^ 

*fl<q*V M-^^l 0°1 0}^ ^^^1-^ 2|^J tflSfltt :f , ^» ^> 

<38> afli Q^l^i Q S^r *fl2 Q^l<y *St Q'# ^1 ^£ ^A>«-(131)S.^-Ei 

<39> £ 3£ £ H £A]^ LDPC ^JlS}- 4 <^#^<?I ^^S-o] ^ 

<40> ojsHl^l^ £ 3^: £ ig^ofl 14^ LDPC 4^2)- #*13 ^A^r 

w. 
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<4i> 5. 3a^ XI 1 Q*31 ^^(120)3. *H«- -f*fl ^€ 4| = *HeJ*M 

^Af $g ^^(HO)^ X|e|El ^a> *H <& Xl«- M-Bf^cf. 4H°M 

a] sjel 4|S. 67flS] Hit ti jE S ol=^^ ojcf. £ 37fl2l 3 

H XM*1 almoin 3 37fl5] 3 = sfls^&l ^iL°14. sfle)^ ^Af ^ H 

3>6 3.7]9\ «Slol4. 

<42> £ 3b^ £ 3aXl 3£ 4}£- P^ sfl^E] ^a> ^1 H* <3^°> XU Q*3 

^ *3>$Jf (120)XM XI 1 Q*S1 Q* M-^Hfe 

<43> IE 3c ^ £ 3dfe R*31 ^JH130)XH M-^Lfl^ £^o!4. 

<44> £ 3efe 41= P^ *S1 R^§- «g^^> XI 2 Q*3! >8>S^-(140)XH *3 

<45> XI 1 Q^l ^^^-(120)^ sflelBl ^a> HS1 67flSl ^£.2.3. °1^<X*1 4 ^ ^ 

JflAl^l 3= wls^ &o_5. tflXI*H £ 3bXl HT-ltb w>^- XII Q^l^l Q# ^ 

<46> R«g^ ^^^-(130)^1 «81 ^A>^.(i31)fe XI 1 Q« ^-^(120)3.^ s. 3b 
oil XU Q^l Q«- «g^^> XU Q*31 A <8X| tfl«H. ^ ^ 0°1 a}\d ^ 

£«: t a^&Sl XI 1 ^ ai^s. ^ XI 2 ^ ^-71 XI 1 41*1 

1- *M ^£ ^^(133)3. 
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<47> afl^tfl, £ 3tHl *fll Q*31 3} ^fl 0°1 °}"d ^^-^-t # 

2^&£ 0.119-2.SA-] ^41^1 ^^1*!: ^14. ¥ 3"£r *H2 2^ib8r 

0. 268c»l nf. 

<48> ^1 aj« ^^^-(133)^ ^1 Q^t^l Q# ^£ ^A>«-(i31)S.-?-Ei 

3^&-§: *fll Q*S1 A o°l o>\i $1*1 7} 2|i&^ ^ 

*]7]- *fli zl ^£-3M- 0°1 o>vj ^« ^ ^^^^ ^ 

*]<4 <H*l<5Kr ^12 ^^-^ tfl*l|SH £ 3c<^l -£^m «>4 *J 

<49> ojl^cH, afll Q^t ^ ^\ *%$\ >&*t%<>\ « ^ ^^^-(133)5. <y^£ ^ 

S.^- ^^^<y 0.119^-S ^-&3M- ^1*14. ^4 ^ ^-g-^r *IU ^ 

^12 ^^^<y o.268s ^^-s-a- <MW. 

<50> £ 3c^l ££r «S1 R'# ^, ^1 ^£ ^^^-(133)^ ^1 R' 

^ ^ ^£-^4 db^^l £ 3cH « R# ^ 

<51> ±7$°) 7^ <^fl ^^t}. 

<53> ^ stt ^ O o] o>u} ^A]^ A^o. M-^^j ^^-^1-^ 
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<54> tsgifi ^a>«-(131) ^ ^^«-(i33)^ *)12 Qfl^ ^^-f(140)5.-¥-Bl 

*ll2 Q^l^l Q'^g- ^-f^lS Q*31 ^^(120)^^ <y^£ 

<55> ^2 Q^t ^^^-(140)^ £ 3a^l S.*\& 3.^- 3^ R^l 49^ ^(130)3.^- 

B] £ 3d^l «81 R^r *J1 R2] zj- <g<*fl tfl*H zj- ^ofl^ ^^o] 0 

1 Q'-i- ^ ^€ *f|2 Q*S1 Q'fe R«S^ ^^(130)3. 
<56>R^1 ^^^-(130)^ *f|2 Q^t ^^-¥-(140)^^ *fl2 Q^l Q'» ^^^> 4^1 

$ R*3! ^ R«^- #^ ^1^(150)^- *fl2 Q^l 

(140)3. $3*1?! 4. R^l ^^^-(130)^- ^2 ^^^-(140)^ 4^ R*S1 

^ ^12 Q*S1 ^-§-3-8- sl^r 

<57> #^ 31^(150)^ R*31 ^-^(130)3^ *M R£] z| ^-^-i-t- 

M-g- 31^>W. #3 31^(150)^7 4^ ^1 R°l ^ «fl^V^- ^-J:^ S = 3 

# #3t^. 4*1 R*31 ^^^(130)^1^1 N«l^ R^Sl^r ^^^> iSJE. 

^J=S ^J:^ R^l ^ ^4 ^2 ^^.g- ^ a}^- 
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<58> 



oj^HH^ £. 4» %3=.-s}c\ ^ofl tcf= LDPC ^l^l 4€- -£UH« ^ 



<59> 



*>^, LDPC ^3L$- #*1tt sflslE} ^a> ^^(210), *Ql Q*31 ^^-(220), 



^-¥■(230), *fl2 Q^l 49^(240), #^ 31^(250) £ #^ ^^^-(260)» 



<60> 



^ *fl2 Q^l ^-¥-(240)^ ^^-¥-(260)olcf. 2fl;i)El ^a} ^#-¥-(210), 

XII Q^l ^^(220), R^H ^^(230) ^ #^ 31^(250)^ ^4 5. H £a)^ 
LDPC ^HH ^ ^-§-51tt d}^7M1 

# %H- M-g- \E4. ^^^-(230)^ £ 2<Hl 51a] 

€ w]-^ ^ sj! ^a>«-(131) ^ ^ ^« ^^^-(133)1- ^<m^. 

<6i> ol^cfl^^ *f| 2 Q^l ^^«(240)s|- #^ ^Jf(260H rfltfl ^^rf. 

<62> ^^^-(260)^ 4^ ^A> ^ 7^U|L(210)^Ei sfl^Bl ^a> ^ 

#^ ^^(250)S^B-1 ^-J:^ 3= $JJ= 1M- ^a} *J1H# °l-g. 

<63> #^ ^^-^-(260)^ tj-g-^ ^ S^-Jl ^^S>o] J2-Jr^ =7 = 

<64> 3 ] h • M = 0 
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<66>ldpc -^s^H #7l 3-g; ^*K£^- sfle]^ ^^7} ^-7>^ an = 

<67> nejM- ^s] *v^H ^= = » ^-J:^ SH>qH7> ^-71 3^- ^ 

^rW^, -¥-^1 45t *>4^ ^ ^7] ofl^l ^ ^-S ^*h§- ?tm 

<68> ^2 Q*3t ^-^(240)^ £ H 51^*1 A)2 Q^l ^-^(140)^ ^*}- 

7fl2 Q*S1 Q'l- £ 5*1^ ^12 (3*3*1 ^^(140)^ *S 

1 Re] tfr^r ^Sr}£*li£ f ^2 Q« ^-^(240)^ #^ ^Jf- 

(260)7> ^S. ^]\^-Jl ^-f, 7fl2 Q^l ^-r-(240)5. #^Kr *fl2 Q« ^ 

^^^1 ^ Q'* ^W-. 
<69> ol^HHfe- c 1; £ 2, £ 5 ^ E6I % V S*H <4€- LDPC ^ 

<70> £ 5^r H 1^1 ^ ^bfl LDPC ^S.S\- #*HH ^H^b LDPC ^-JlS}- 

<7i> #^ 7^1^(150)^ ^ €^ n^r 0JL5. ^^4(^1310 #7jl). 

<72> *U Q*31 ^^^-(120)^ *fl\^ ^ ^"^l illt 3M: 

7Mb C7fl^| 5cL.EL ^l-?-^ 3H $1 = PI- ^^w>^r}(^320 ^Tfl). 
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<73> A]\ Q*31 ^^^-(120)^ 3H $|H P<4 sfl^El ^^(110)i 2flel^ 

°1 iS^L ^-g-sfb ^*1^ 2£ u]e^ ^o_ S cfl^H 0*31 Q 

1- ^W-(*ll330 #31). 
<74> r^^ ^^(130)^ *lll Q^l S S°11 tfl*H, 4 0^1 o}# 

^ 3^#Sl 3^#4 ¥ ^^5. *J-£r *fl2 ^ ^"7) ^11 ^*H- Ol 

# ^6.3. R*81^§r ^W=K*fl340 #31). 

<75> 31^(150)^ R*H ^JjL(130)5LJfEi « R^l 4 

H M-t- 31^*1:4(^1350 #31). 

<76> #5] 31^(150)^ ^ jti cf^-(^360 #31), n°l 4^ & 

N^7fl- ^-#^1-^(^1370 #31), n°l ±% & No|# ^-Jl^I 2)^ ^-Jl 
#^^4(^380 #31). 

< 77 > #53 31^(150)^ ^ n°l ^ & no) o>u|^ ^ ^-Jl*1 ^iE.^-1 
S» #^}*1 *ll2 Q*8^ ^^(140)^ -rl — PS>} R^^ ^^^(130) 

S^-Ei sjl R^ <y^oh R2] zj- ^ofi cflsM 4 I^H 0°1 °}# ^£ 

^ ZL ^^-g; afl^tb Ool C># ^^#4 ^1 R£] Z]- I2f <£o\] ^ 

*V SJEL ^JE. PS} i2 = wlM&^r t^H ^2 Q^l Q'-g: ^^^(^1390 #31). ^£ 
^12 Q^l Q'^r R*31 ^-*r(130)3. f^^H #^ n°l dL^ ^ N°l € "fl^l ^1340 
#31 vfl*l ^1390 #3l7> #^-^4. 
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<78> 5. 6£r £ 5<H1 £^14 *11340 #7|14 ^Ml 44Mm *#^]rf. 

<79> ^^(130)4 ^^-¥-(131)^ XI 1 Q*S1 ^^-f(120)SM X|l Q 

*8€ Q« •a^^V XU Q*S1 Q4 ^ *fl*H, ^ *84 0°1 o>vi ^^-s. - 
°J XU ¥ ^*fl3. ^ Xl2 ^ ^-71 XU 2^&4 4*1« 4W4(Xl 

341 #Xl). 

<so> ^ ^^-¥-(133)^ XI 1 Q^m^I Q# 0 J^^J1 ^1 ^A>«-(i31)^Bl 

^4 XU Q*31 Q^l 4 *34 XU a^&, XU 4^&^1 4*1 ^ ^- #*1l5. ^ ^12 

XU Q*S1 Q4 4 *84 oo] o}^ a^s. ^ z]- ^^ 7 |. ^ u 

4^&^ 447} 2)^0.3. tfl*fl*}JI, ^ll a^4i#4 31*14 ^4 

*Vfe XI 2 ^l^&SLS. ^-g-^ cll^ltb ^ zl- ^ofl ^ ^» 

^ ^^4(Xl343 #X1). 

<8i> £ 7^r £ 4^11 JE44 ^ l^l 4^- 4€- LDPC #4^14 ^44^r LDPC 

<82> pl^ f q^^ a^^«.(220)^ *fl\^ f-^H ##44 4^ ^-^1 4*11 

^ 7>4tt C 7ll4 3E hISJeL <X =lo^ 3 n P# og 5^^.(^410 c]-^) 

<83> ^11 Q^^ ^^^-(220)^ S.B. 4 = P4 433 34 ^ 4^(210)011 4^4 sfl44 

34 <8l H4 c7fl4 ^£r°s. 4^44 p7 fl^l 4 ^-g; 4^*H, 4 *J44 ^£-#4 
14 ^4 s= 4-^-4 #-§-4fe 4*14 s^- tilsoj ^o. s 4X144 XI 1 Q*S1 

Q« ^^*V4(X1420 #X1). 
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f 1 2]^&# 2\±-&A ¥ ^M ^ *)12 S)^^ * ^71 *fll ^^11- <>1 

<y tflSQSH RM^: ^W-(*H430 ^D- 

<85> 31^(250)^ R^t ^4(230)i2.43 oi^^ ^ Ro} yj. ^ 

c]*H *>M-^ SS. til Ml- l^fl^ C 7fl^ H] M^ ojifLo^ 4Jr£} 3£ $| 

^ M-§: 7fl^>*!;tK*fl440 #7fl). 
<86> #3 ^-^(260)^ sfle)^ ^a> HI- °l-§-SH 45 ^ 

^r#W-(*ll450 #7]1). 

< 87 > ^^-^-(260)^ 41 -^^-o]e\jl SJ^H-I- #^ ^(^460 

#31). 

<88> #^ ^4(260)tt 41 ^2fle|-JL ^#£]# 41^ ^^^1- ^1 
2 ^^-(240)M ^2 Q^t^: ^ ^ ^]1«- *fl2 Q*St ^^^-(240) 

^r^M i2JE. 3 = R*J! «.( 230)5.^- f f R|- R^l A 1 

°fl 4 0°1 a}^ ^-g- ZL ^43M: <H o\M $ 

^1-4 ^1 R^l ^ ^4 ^ c ^*> 1<Hl 3l*m SS- P^l tilM^-8: c^H 

*1)2 QJM Q'-i- ^W4(*fl470 #31). *fl2 Q'^r R^ ^4(230)5. # 

^£l<>| ^4(260)71- 41 ^^oj^ji nfl^l i£i=. SJE . ^J=7> ^ 

91 421 nfl^l *)l430 #3] vfl^l ^1470 #7fl7> #4^^. 

<89> S 7 6\] ^X\Q ^430 #31S] ^ o_ £ 6^1 JE^l^ w>cq. ^^^>4. 
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<90> R^ ^^(230)^ X|l Q*8^ ^-^(220)3.^1 XI 1 Q^l Q# ^^o} XI 1 Q 

Qo) z| ^ofl cfl^H, z}- O o] o>vi ^ ^^91 XI 1 ¥ #*ll 

3. 4£r XI 2 ^ ^"71 Xll fl*|* ^W(X|341 #31). 

<9i> r^ ^-^(230)^ XI 1 Q*8^«*l Q# ^^V, XU Q^l Q^l 4 *83 A 

^7} Xll 3 $]x\7} o\^t£ 7]}1 5)^^0.5. ^^-^ CB^I^JL, ^1 

3*1$|- H^Kr XI 2 a^&JlS ^iM: ^X1*V ^ ^ ^^^11 § 

*H « ^^W(X]343 ^a-xi). 

<92> £ 7l*B]5L ^ ^Tr 7)^-nfl^ofl ^^7} g^- ^ ^TT 

^ ^*Kr *H 7>^>rf. ^^7> ^ $1^ 71^-pflXl^ X]^6\] o]^H 

SH^H T 3H^7> ^i^l^ £^ 7l^^l# 5£^*V4. %^B\7\ g£ 

^ 9Xt= 7)^*\)S>\ ROM, RAM, CD-ROM, 7>7l ^S.x)v]^EL, %x?i\o)&\ 

7U V #*1 5U^, *IM«.(<« 1-<X, -g.^ 

<93> oj^-oflA] ^tg^V ti>fif ^o] ( ^6\) rc)-= LDPC ^ «o V ^£r, LDPC 

Xll ^ ^^5. 4-^ X12 ^ Xll ^7-1 4^ * ol^. 
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4* A^A. 
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1] 

sfl^-S- c7fl£] SJ= HISS. °l^f-o)*} 2H £)JEL# LDPC ^-JL^-SHr #*1 
#7l #7l C 7fl^ ^jls. °1^*1 p7 flsq z}- 

^ #71 afll °l-g-*H, A *%$\ 0^1 o}v} Z]- 7}7l^l ^ 

^ ^l^^r 0^1 o>^ ^-g-sM-^ ^^°J ^^-S. R^l^- ^*Rr 

1 <«#^-; 

#7l 3E ^£2} #7lR*S! <$7] R«8!-§- t>m^°} , #7l R*§^B) AA 

2] toil cfl*H ^ 1^1*1 #£:&°1 o°l o>^ zl ^^^-i; M-^^l o^l *} 

\i ^Mtl^ #71 R^llSl ^ <14 ^Htb 1°fl 3*1^ #71 S= ^IL^ 3- WlE^ 

^ *fl2 Q^l* ^S^^oL, #71 ^12 Q*J1# #7l R*J1 ^^-5. #3*Kr ^112 
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#7l R^l ^^^S^-Bl #7l R*8H^r <]m^o}, #7l R*®%°) A 1^1 ^^rti^ ^ 

#7l R« ^^Rr #71 A\2 Q^l ^#-¥-5^3 #71 *)12 GJ«-§- °g^^> ^ R*3 

#7l ^12 Q*S1 >$#^ ^-71 #^ Tfl^S 3# ^K 1 

tt LDPC 4^21- #*1 . 
[^T^ 2] 

^1 %H1 ^^^i, #7l R« ^#^r 

#7l Q^l^ ^ Ool oy^ ^a>§>^ ; J^^ol *lll #7l 

*fli a^&sl 3*1 ^ ¥ ^fls ^ *\)2 ^sM: ^*Rr ^1 ^-S- ^Pf; ^ 

#71 afll Q*Jl-i- ^^JL #7l ^1 #£ ^A>^«-Bl #71 ^1 #71 afll 2\ 

^&°] ^1^1 ^ # 7 1 If- m 2\±.tt^r ^^o}, ^-71 afll Q*S€^ A *%$\ 

Ool o}^ 4 ^ w.o} 0^7]. Jl^^Sl ^1^71- O^Tg # 7 ] s|^O.S. ^ 

tfl^l^l-31, #71 *fll <H*l*Hr #^ #71 *fl2 ^i^S ^£ 

^ ifl^l^H #^1 R*S1* ^#*Hr #£ ;» 3if-*Kr ^HJjis. 

tt LDPC ^-^sf #*1 . 
13 t 1 * 3] 

^11 %H1 £M*1, 

#71 R^l #71 ^12 Q*J1 R^t ^#^4 *fl2 Q*S1 # ^ 
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#7l 7)m^$= N(N£: 1°1#^ ^)^*fl °d ^ ^ R^lHl « $7] ^-Jl£ 5±— 

= * #3*Rr ^-^^ *Vfe LDPC 41^- 

4] 

#71 sflslE] Plel TRV^Hr sflelHl 7^Af $g 7>i#^» ^ if-^Tr ^ 

jl^i o.^. LDPC 4^^- #*1 . 
[3^*8- 5] 

^12 %H1 flo^, # 7 j sSl 3>Wr #7l afll Q*S1^ z]- *J<>] 

»3 ^cfl^l- #7] aQl ^ #71 ^12 sliSMr ^*Hr ^-8: 

LDPC 4^5}- . 
6] 

*fl^ iSSt 3M- 7H^ C 7fl5l S£L all S o]eo^ 3^ ^Ef 

LDPC 412]-^ 5a°H, 

#7] SIEL ^^Sq- Cf^Sl 0^1- 1^1 ^£-.2.3. ol^^^l P>t^7l^l 3l)5lEl ZjA} °d 
B^o}, #71 2E #71 3j)ii]El ZjAf C 7fl^ ^JlS. p 7ll^ z| 

«8-i: u1hl*H, z}- ejoiiA-i ^«.^oi i<y #^g- #71 3= ^S.^ #-§-*>Tr 3*1^ 
wls^ ^o.s. *fli Q*8!-§- ^*Kr *lll Q^l 

°fl A 0°1 ^>\d ^ *fli 2=1^4 ¥ ^ ^12 ^ 

^ ^ ^"71 afll a^&S] ^*1«- ol-g-^M, A 0^1 o>uq A ^£-8: ^7151 #£ 
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^flsqtb M-^^l 0^1 <^>\d ^-Sr&^-f 1 2li°J tfl^l^H R«-§: ^*Hr R*S 

#7l R« ^-^-f-Bi #7l R^l^r °g^^>, #7l R^l^l z}- ^2) ^^-^^ c| 

#3*Hr #3 3l#^-; 

A o V 7l #^ #7l JiLJr£ .=71= o^m. o^tfVo}, # 7 } 3*} 

-M^al #7l #5? £3^5.^3 ^o^Aixoil rcfEf, #7l cqr^ 

#7l R*S1 ^Jf-^JM) #71 R^l^- °g^^>, #71 R«£l Z*43 ^l tfl*H 3" 

^-&3M oo] o>vi ^« o- ^ a^^o. q.^^ O o-| #7l 

R*3t<5l z| ^*1^ ^"71 ^H. $1 = ^ 5i= wlS^ t^H ^12 0*3! 

-§- ^#*>JL, #7l *i)2 Q*Jl^r #7l R*J1 ^^3. #^*Hr A2 Q^l ^ 5. 

#71 R*5! ^jjl^ #71 ^12 Q«91 ^J^M #71 7(12 Q*8!-§- «a^^> 4^ R*S 
1€ ^"71 7112 Q«Sm #71 ^ 7fl#JfS #71 #^ 7ll# 

^ #71 R^lt <>l-g-*H Aflj=L£ 41^ S = #71 #3 £3->M. #^ 

*}tt 3-8: ^^S. LDPC ^-JLSf #*1. 

7] 

^16 "%H1 #71 R^l ^#j=l±=. 
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#7] Q^t^l 4 *g<>} Ool o}^ ^^-S.^- ^A>^H, 3^#ol afll ^"71 

3*1 ^ ^71 ^ ^ m 3^±^ ^"71 afll Q^l^l ^ 

^ LDPC 4Jls|- . 
8] 

H • M = 0 

5. LDPC 4 . 

9] 

a 0 >7] afl el El ^H* ^ ^^Rr *S1 7-1^1- c-1 3L^-SRr ^-fr 

*>fe LDPC ^-SSj- ^1. 
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io] 

sVtt LDPC . 

#^ ^7) *Sl^«fl 4^ ^ ^^-« ^4 31 *fl*l ^ 

^ LDPC 4 51 si- #*1 . 
Itt^ 12] 

^fl^-i: C 7fl^l 3£ «1 MS. ol^-o]^ S£L ^£f LDPC H o^°fl 

(a) #71 2E 04 l<i) ^^S. <>1^M*1 p>t£17l^ sfl^E} <g£ 
<^ Zj- t$-g- tilJE^H, A f$6\)*\ $&&o) io] ^ 4>7l 3£ #-§-*Hr 31*1 

(b) #71 41 Q^t^l *fl*H, 4 (H <5>\i ^ *fll 

^ #*j|3 2)-^r ^12 3)^1^ ^ #7l XI 1 ^i&^l ^^11- ol-g-SH, 0°1 

4 7>7i^ #£-?M- M-^l <H o}\d ^a-i-f 1 ^^^1 tfl*l|«H 
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(c) #7l R^H^ A -S£-#M- 2E ^^^-o.^ c7 flo] 
3H ^l^oi^l ^JL^l 3H #^*Rr <&X|;* ^SLS. 
^ LDPC ^rS.^ ^ . 

13] 

XI 12 %H1 floH, ^"71 (t^XIfe, 

(bl) ^-71 X|l Q^t^ ^ ool o>vq ^M~£- ^i^o] X|l # 

71 XI 1 ^ ^- ^ X| 2 ^SM: ^^Hr #7fl; ^ 

(b2) ^-71 XU Q^t^ ^ O o] o}^ yjj- a^o) <%^ 7 } ^- 7 ] xll ^^ l7 | 

#7] X]l sl^iLS tflXlSKH, ^"71 XU 3*1^ <^^1^ ^ 

^ #7l xi2 aji&iis. ^sM: ^-71 r*31* ^*Hb 

^<L3. 5}b LDPC 4^3- wj-^. 
[^U" 14] 
XI 12 Si^H, 

(d) #7l R^M <I<i tfl*H 4 ^£r#°l Oo] ^ 
Xl^*l M-^^l 0^1 o>vi ^^^jzj. rs^o] 3- <i4 ^^*1 <gofl <fl^^j. Aj-7l a 
— 2£ ^12 Q^t-i: ^7] (b)^r^l^ 0.3. xl^} 

(e) -*7l (b)^Xl #71 (d)#Xl* 4^ 5)^ W^Jl, ^7l (c)^XIfe N(N^ 1°| 
^ <y^^ R^lofl tflsfl ^71 41^ SS. ^Ef #^*Rr ^ 5. 

^-fr ^'ES *Rr LDPC ^3L$t H o^. 
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15] 

all 13 %H1 

^7] (bl)^r^m afli Q^l^l ^ ^ ^SnM ^^r&l-^ ^rflsM- 

m 3$^& ^ *fl2 ^^Kr #7\)9l 7 A^r t }±r LDPC 4^2}- u o V 

16] 

^fl^^- C7fl2] S= Hi ojs^^ 2 c ^ £f LDpc ^3.5^- ofl 

(a) ^7] ^JE. $\EL9± 04 1^ ^^-^^l p>ta.7l^ oSflelE] ^Af ^ 
2} 4 ^ *1^H, Z]- igo^ *j-g.&o] 10] A^-g.^ Aj- 7 ] cq^o} A^o.^ <^ 

(b) #71 ^11 Q*Sm^ 3H1 tfl^H, 4 0°1 o>vq a^s. ^ ^^oj ^11 
2^&4 ^ ^ ^12 2|^^C ^ ^"71 afli ol-g-^H, ool o}^ 
A 7>7l^ q.^ O ol 2l^O] ^OJg. 

(C) ^71 R^°) A 1^ =7- H|lf ^^S-*! C 7fl2] 
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(d) #7l sflelEl sjt^ oj^H #7l 2E ^EL£} #^ o^«-i- # 

£.3. t}^ LDPC . 
17] 

^ii6 #ofl sa^i, #71 (b)^Tii^, 

(bl) #7l *f|l Q^t^ 4 0°1 ^^#^r ^}*H, ^4^°J *fll # 

71 ^11 3*1 ^ ^ ^^flS. ^ ^2 S^SM" l^Rr ^ 

(b2) #7l ^1 Q^l^l 4 ^ 0*1 ^ ^^7> <$7] 41 ^^7> 

o>u|^ a o > 7 ] 2)^o.sL #£-£M- iM^jl, #71 *)U ^dL^^l 3*14 H^Kr # 

#7l *fl2 ^4i^o.S. iM*H #71 R^l-g; ^#*Hr ^741 S^Kr 

^.9-5. ^ LDPC ^$-5\- wj-^. 
18] 

^116 %H1 5^*1, 

(e) #71 (d)^HH ^"S ^3xfl^. ^s]^, #71 R^l^l z^-z^ cgd] cfl^c^ zl- 

<*H ^£rS3M 00} O}^ S$*-jr ZL M-^^l 0^1 0>^ ^^^#4 #71 R 

A 14 ^Utt ^1 3*ltb #71 ^= 3^ ^ ^12 Q« 

^ ^#*H #71 (b)^rT^l^ <^JUeL *H^Rr ^Tfl; ^ 

(f) #71 (b)^Tfl ifl*l #71 (e)^7^11- ^*>~ #31 xy\ 3.^f>}±= 3* ^io_ s 
^ LDPC ^r3L$- H o v ^ . 
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i9] 

*fll6 ^1 sxw, 

H • M = 0 

^8-2.3. ^ LDPC ^-JlS|- 
20] 

*fll7 fl<>H, 

^"71 (bD^Tflir ^>7l *fll Q$££| Zj- *go] a^^o] ^^l-o] :gtfl## ^-71 
^1 ^ #7] *fl2 ^t^Hr #31 <?] 3^8: ^£.3. ^ LDPC U" 

21] 

*)]19 %H1 &<>H, 

^"71 (d)#7fl^ #7] ^l^ofl a)-^ 41 ^ a^KM. ^ Tfl^ *H £LSL6\) ^ 

^IS. LDPC 
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